Host-specific toxins from Helminthosporium victoriae (HV) and Periconia circinata (PC) 'This paper is dedicated to the memory of Solon A. Gordon in honor of his contributions to Plant Physiology.
Host-specific toxins from several fungi are known to change the characteristics of plasma membranes of susceptible but not resistant plant cells (7) . HV toxin from Helmninthosporiumn victoriae Meehan and Murphy (an oat pathogen) induces loss of electrolytes within 2 min (6); PC toxin from Periconia circinata (Mangin) Sacc. (a pathogen of grain sorghum) induces detectable leakage within 15 min (2) . The earliest known effect of HC toxin from H. carbonumn Ullstrup race 1 (a maize pathogen) occurs within 2 hr as an increase in uptake of NO. and other solutes (8) ; the increase in uptake is followed 12 to 24 hr later by losses of materials from tissues.
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We have now measured the effects of toxins on electropotentials of single cells in coleoptiles of oats, sorghum, and maize. The effects were compared wiLh those of carbonyl cyanide m-chlorophenylhydrazone, an uncoupler which, like dinitrophenol or CN-(5), inhibits electrogenic pumps associated with the plasma membrane. The work had several objectives: to identify the initial cellular effects of toxin; to determine possible effects on electrogenic pumps; and to clarify a possilile relationship between toxin-induced ion efflux and changes in electropotentials across plasma membranes. Toxins could affect either active or passive components of membrane transport; electropotential measurements might indicate which of these components is affected (5).
MATERIALS AND METHODS
Coleoptiles from seedlings of resistant and sensitive plants were used for each toxin. The oat (Avena sativa L.) cultivars were Park and Rodney, which are respectively susceptible and resistant to H. victoriae and to HV toxin. The sorghum (Sorghutm vulgare var. subglabrescens [Steud.], A. F. Hill) cultivars used were susceptible (Colby) and resistant (RS-610) to P. circinata and to PC toxin. Maize (Zea mnays L.) hybrids were Pr X K61 and Prl X K61, which are susceptible and resistant to H. carbonum race 1 :nd to HC toxin. Seeds were surface sterilized and planted in moist Vermiculite.
Toxins were prepared as described in previous papers (2, 3, 8) . The HV toxin preparation completeiy inhibited root growth of susceptible oat seedlings at 0.001 p,g/ml; PC toxin completely inhibited susceptible sorghum growth at 0.1 I g/ml. The HC toxin preparation gave 50% inhibition of root growth by susceptible maize seedlings at 0.2 ,g/ml.
Methods for measuring changes in potential between vacuole and bathing solution were essentially those developed by Etherton and Higinbotham (1) All experiments were repeated with essentially the same results; some were repeated many times.
RESULTS AND DISCUSSION
When the 1 X nutrient solution was used in the perfusion chamber, HV toxin (1.6 to 16 ,ug/ml) had no consistent effect on the electropotential of susceptible oat cells within 5 min after initial exposure. Small early changes were observed in some cases, but typically there was a gradual drop in potential beginning about 5 min after toxin exposure (Fig. 1) , as determined from measurements on many different cel!s. The drop in potential was sometimes erratic, znd the seal between the membrane and electrode appeared to be broken more often in toxin-treated than in control cells. When susceptible oat cells were bathed in the 0.01 X nutrient solution and exposed to HV toxin, the electropotentials decreased approximately 30 mv within 2 min. Several min later, the potential recovered to near the original value (Fig. 2) Concentrations of K+ and Na+ in toxin-treated and control oat coleoptiles were determined, using samples of the same tissues that were used for electropotential measurements. HV toxin caused a 50% loss of K+ from tissues by 3 hr after exposure; there were no losses of Na+. The change in K+ concentration after 1 hr in toxin could account for a 7 mv change in negative electropotential (Table I) , which is a small fraction of the observed value. This estimate is based on predictions of the Nernst equation (4, 5) and assumes that the effect is on the K+ diffusion potential which may represent only a small part of the total cell potential (5). The remaining drop in potential could be caused by secondary effects on the electrogenic pump (5) or possibly by passive leakage of other ions. The concentration of K+ in ambient water increased within 5 min after exposure of coleoptile tissues to toxin (Fig. 3) .
Electropotentials of susceptible sorghum cells in I x nutrient solutions were not changed by PC toxin for 10 min or more: thereafter, potentials usually dropped even more slowly (-0.1 to -2.0 mv/min) than in oat cells treated with HV toxin. In one case, the susceptible sorghum-cell potential did not de-GARDNER, SCHEFFER, AND HIGINBOTHAM crease in the presence of PC toxin (80 ,ug/ml) for 45 min. In general, however, the results with PC toxin appear to be basically similar to those with HV toxin; previous data indicate that the two toxins have similar effects on other functions of sensitive cells (2, 7) . If these toxins had a direct effect on electrogenic pumps associated with the plasma membrane, the cell electropotentials should have dropped quickly, with no spontaneous recovery; thus, a secondary effect on the electrogenic pump is inferred. Potentials of resistant sorghum cells were not affected by toxin.
HC toxin at 5 jug/ml caused 10 to 40 mv increases in negative electropotentials of sensitive maize cells within a few minutes (Fig. 4) Samples were then rinsed, placed in 100 ml toxin solution (0.5 ,ug/ml) or water, and incubated on a shaker for the times indicated.
Tissues were removed, the solution was concentrated to one-third volume, and potassium was determined with a flame photometer. CCCP was removed as indicated by dotted lines, and the electrode was inserted into a neighboring cell. Control cells without CCCP maintained a constant potential difference. ous work to differ from the other toxins in several respects; e.g., it increases the uptake of several ions and organic compounds by maize roots within 2 hr of exposure (8) .
CCCP4 (20 ,uM) caused a rapid drop of at least 50 mv in potential of oat and sorghum cells; in most cases, the potential leveled off at about -50 mv. The effect was partly reversed when CCCP was removed (Fig. 5) Data from Higinbotham et al. (5) indicate that membrane potentials in plant cells are supported by electrogenic ion pumps and by a passive component. HV and PC toxin-induced effluxes of K+ and total electrolytes (2) into water were detected earlier than changes in membrane potential were observed. If HV and PC toxins have a direct effect on electrogenic pumps, then changes in potential should be observed before or at the time of toxin-induced ion efflux, as was the case with CCCP. However, the rapid but transitory effect of HC toxin on cell potentials might suggest a direct effect on electrogenic pumps. None of these three toxins has an effect on activities of isolated organelles, and available data support the hypothesis of a direct effect on plasma membranes (2. 6-8). Thus, these host-specific toxins may be useful in studies of plasma membrane structure and function.
